Objective: to examine the relation of personality to the development of disability in old age. Methods: participants are 813 older Catholic nuns, priests and brothers without dementia or disability at study onset. As part of a uniform baseline evaluation, they completed standard measures of the five principal dimensions of personality. Disability was assessed at baseline and annually thereafter with the Katz scale. The relation of each trait to incident disability was assessed in proportional hazard models controlled for age, sex, education and selected clinical variables. Results: during a mean of about 6 years of observation, 255 persons (31%) became dependent on at least one activity of daily living. Risk of becoming disabled was 85% [95% confidence interval (CI) = 80.5-89.6%] lower in persons with high (90th percentile) compared to low (10th percentile) extraversion and 50% (95% CI = 46.6-54.2%) lower in those with high compared to low conscientiousness, and controlling for chronic medical conditions, depressive symptoms or social and cognitive activity did not substantially affect these associations. By contrast, neuroticism had a marginal association with disability risk that was eliminated after controlling for depressive symptomatology, and openness and agreeableness were unrelated to disability risk.
Introduction
Because personality traits are relatively stable in adulthood and have widespread influences on behaviour, they have the potential to affect the disablement process [1] . Yet, there have been few prospective studies of the association of personality with disability risk, and cross-sectional studies have yielded inconsistent results. One obstacle to the progress is that such a diverse array of personality traits has been examined that it is difficult to integrate findings across studies. In the past decade, the big five taxonomy of personality has gained wide acceptance [2, 3] . Because the model is relatively new, however, few studies have related it to disability, and most of these have focused on neuroticism and extraversion to the exclusion of the other three traits.
We used data from the Rush Religious Orders Study [4] to investigate the association of personality traits with the risk of becoming disabled in old age. Participants are over 800 Catholic nuns, priests and brothers without disability or dementia at baseline. They completed standard self-report measures of the big five personality traits at baseline. Incidence of disability was assessed annually for a mean of nearly 6 years. In analyses, we examined the association of each personality trait with the risk of incident disability and whether these associations were mediated or modified by selected clinical variables.
Method Participants
Participants are older Catholic clergy members from the Rush Religious Orders Study. They signed an informed consent to undergo annual clinical evaluations and signed an anatomical gift act for brain donation at death. The study was approved by the Institutional Review Board of Rush University Medical Center.
Enrolment began in January of 1994 and continues. At the time of these analyses, 953 people had completed the baseline evaluation. Of these, 69 met the criteria for dementia, and another 20 persons reported dependence on at least one activity of daily living on the Katz scale [5] . In the remaining 864 people, the mean age was 74.7 years (SD = 6.9), mean education was 18.2 years (SD = 3.3), 67.7% were women and 89.2% were white and non-Hispanic.
Clinical evaluation
At baseline and annually thereafter, participants had a uniform clinical evaluation, with examiners blinded to previously collected data. The evaluation included assessment of selected risk factors, medical history, cognitive testing and neurological examination. The diagnosis of dementia was made by an experienced physician using National Institute of Neurologic and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association criteria [6] , as reported in detail elsewhere [7] .
Assessment of personality
We assessed five personality traits with the NEO FiveFactor Inventory [8] : neuroticism refers to proneness to experience negative emotions; extraversion indicates a tendency to be sociable and energetic; openness indicates an intellectual curiosity and a preference for varied experience; agreeableness is the tendency to be helpful and cooperative and conscientiousness indicates diligence and determination. Each trait measure consists of 12 statements that were rated from 0 to 4, with higher scores indicating more of the trait in question. Items scores were summed to yield trait scores that could range from 0 to 48, as previously described [9] .
Assessment of disability
We assessed disability annually with the Katz scale [5] that addresses walking, bathing, dressing, eating, getting from bed to chair and toileting. Inability to perform one or more of these activities was the primary definition of disability.
Assessment of other variables
Seven medical conditions were identified in at least 5% of participants at baseline. Classification of heart disease, hypertension, diabetes, cancer, thyroid disease and head injury with loss of consciousness was based on the self-report that a health care worker had identified the condition. Stroke was diagnosed based on history and neurological examination, as previously reported [10] . We used the number of these conditions as an indicator of chronic illness, as described elsewhere [9] .
Participants were divided into those who never smoked tobacco, current smokers and former smokers. Alcohol use was expressed as mean drinks per day in the previous year and at the previous time of heaviest intake.
Depressive symptomatology was assessed with the 10-item version [11] of the Center for Epidemiologic Studies Depression Scale [12] . The score is the number of symptoms experienced in the past week, and it corresponds well with the original scale [11] .
Social activity was assessed with three questions about part-time or full-time employment, participation in social groups or organisations and visiting museums. Item scores were summed to yield a measure of social engagement that could range from 0 to 6.
Frequency of participation in cognitively stimulating activities (e.g. reading and playing checkers) was assessed on a five-point scale [13] . Item scores were averaged to yield a composite measure of which has been previously associated with cognitive decline and dementia [14] .
Data analysis
Cronbach's coefficient alpha was used to assess the internal consistency of each trait scale. Cox proportional hazards models [15] were used to test the association of each personality trait with risk of becoming disabled. All analyses included terms for age, sex and education. Each personality trait was examined separately in the initial models. In separate subsequent analyses, we added terms for chronic illness, tobacco use and alcohol use; for depressive symptoms and for social activity and cognitive activity. Analyses were repeated with terms added for the interaction of a given trait with chronic illness and use of tobacco and alcohol; with depressive symptoms and with social and cognitive activity. Analyses were validated graphically and analytically. Programming was done in SAS [16] .
Results

Development of disability during follow-up
Of 864 eligible persons at the baseline evaluation, 22 died before the first annual follow-up evaluation and 14 had not reached the first-year follow-up point. Of the remaining 828 persons, 813 (98%) completed at least one follow-up evaluation, with a mean of 6.8 annual evaluations per person (range: 2-11), 95% of possible evaluations in survivors.
During a mean of about 6 years of annual evaluations, 255 persons (31%) became dependent on at least one activity of daily living. Those who became disabled were older, more apt to have a chronic medical condition, more depressed and less socially and cognitively active than those who did not become disabled. Please see Appendix 1 in the supplementary data on the journal website (http://www. ageing.oxfordjournals.org\ ).
Personality and incident disability
The personality measures administered at baseline had approximately normal distributions. Neuroticism scores ranged from 0 to 36 (mean = 16.6, SD = 5.6, α = 0.80), extraversion ranged from 11 to 47 (mean = 27.9, SD = 5.7, α = 0.78), openness ranged from 4 to 42 (mean = 26.4, SD = 5.2, α = 0.69), agreeableness ranged from 19 to 48 (mean = 34.2, SD=3.8, α = 0.69) and conscientiousness ranged from 11 to 47 (mean = 34.1, SD = 4.9, α = 0.81), with higher scores indicating higher levels of each trait. Neuroticism was inversely correlated with the other four traits, education and level of social and cognitive activity and positively correlated with level of depressive symptoms; by contrast, the remaining four traits had, with some exceptions, positive associations with one another, education, and social and cognitive activity and inverse associations with depressive symptomatology. Please see Appendix 2 in the supplementary data on the journal website (http://www. ageing.oxfordjournals.org\).
To examine the relation of personality traits to disability risk, we constructed a series of proportional hazard models separately for each trait (Table 1 ). All analyses controlled for the potentially confounding effects of age, sex and education. In the initial analyses (Table 1 , model A), higher levels of extraversion and conscientiousness were related to lower risk of incident disability. By contrast, there was a nearly significant association of higher neuroticism with increased disability risk and no effect for openness or agreeableness. Thus, as shown in Figure 1 which is based on these analyses, risk of disability was 85% [95% confidence interval (CI) = 80.5-89.6%] lower in a person with high (solid line, score = 35, 90th percentile) compared to low (dotted line, score = 20, 10th percentile) extraversion (upper panel) and 50% (95% CI = 46.6-54.2%) lower in a person with high (solid line, score = 40, 90th percentile) compared to low (dotted line, score = 28, 10th percentile) conscientiousness (lower panel).
To see whether findings depended on the cut-off point used to define disability, we repeated the initial analysis of each trait twice, first with disability defined as dependence in at least two activities on the Katz (Table 1, model B) and then again requiring dependence in at least three activities (Table 1 , model C). The results of these analyses were comparable to the original models (Table 1 , model A).
Potential mediators and modifiers of the personality-disability association
We first considered the possibility that chronic medical conditions or health-related behaviours might affect the relation of personality to incident disability. To this end, we repeated the initial analysis of each trait with a term for the number of chronic medical conditions present at baseline, for current or past tobacco use and for current and past level of alcohol use. In these analyses (Table 2 , model A), the relation of each trait to disability was comparable to the original analyses except that the relation of neuroticism to risk of disability was now significant. To see whether healthrelated factors modified the association of personality with incident disability, we repeated each analysis with a term for the interaction of a given trait with chronic illness, then with terms for the interaction of the trait with current and past tobacco use and finally with terms for the interaction of the trait with current and past levels of alcohol use. No strong evidence of an interaction was observed (all P>0.01).
Because depressive symptomatology is related to both personality [17] and disability risk [18] , we repeated the original analysis of each trait with a term for baseline depressive symptomatology. In these analyses, the association of neuroticism with incident disability was substantially reduced and no longer significant, but the associations of extraversion and conscientiousness with disability were essentially unchanged (Table 2 , model B). In subsequent analyses, there was no evidence that depressive symptomatology modified the relation of any trait to risk of disability. Given the inverse association between frequency of various lifestyle activities and disability risk in old age [19] [20] [21] , we repeated the initial analysis of each trait with terms added for baseline frequency of social activity and cognitive activity to determine whether they mediated the association of personality with incident disability. In these analyses, higher levels of social and cognitive activity were associated with reduced risk of disability (P<0.01 for each variable in each model); the relation of neuroticism to incident disability was not significant, but the effects of extraversion and conscientiousness on incident disability were not substantially changed (Table 2 , model C). We repeated these analyses with terms for the interaction of each activity measure with each trait and did not find strong evidence of an interaction.
Discussion
We examined the relation of personality to risk of developing disability in more than 800 older persons without disability during a mean of nearly 6 years of observation. Higher levels of extraversion and conscientiousness were associated with reduced risk of incident disability. There was mixed evidence, suggesting that higher level of neuroticism was associated with an increased disability risk. By contrast, openness and agreeableness were not related to disability. The results remained stable even after varying the cut-off score used to define disability and suggest that personality may affect the risk of becoming disabled in old age.
The relation of the five-factor model of personality to the risk of disability in old age has not been extensively investigated. Most previous research has been cross-sectional and focused on neuroticism and extraversion only. Higher level of neuroticism has been associated with a higher level of selfreported disability in some studies [22, 23] but not in others [24] [25] [26] , with no apparent association between extraversion and disability [24] [25] [26] . The only prospective study of which we are aware found neither neuroticism nor extraversion to be associated with 2-year change in self-reported disability in a population-based sample that included persons with cognitive impairment and disability at baseline [25] .
The bases of the association between personality and incident disability are uncertain. Because neuroticism is a risk factor for depressive symptomatology [17] and depressive symptomatology is a risk factor for disability [18] , depressive symptomatology might account for the association of neuroticism with disability. Indeed, we found that adding a term for depressive symptoms attenuated the association of neuroticism with disability which is consistent with the hypothesis that depressive symptoms mediate the association. By contrast, depressive symptoms did not substantially affect the associations of extraversion or conscientiousness with disability.
Level of social activity was inversely related to risk of disability, consistent with prior research [19, 21] . We observed a similar independent association between level of cognitive activity and risk of disability, which to the best of our knowledge has not been previously described. Yet neither social nor cognitive activity mediated or modified the associations of extraversion and conscientiousness with disability.
Another issue is that individuals differ in how much physical impairment must be present before they report a functional limitation [27] . The observed association between personality and the development of disability might be explained, therefore, by personality differences in labelling the same levels of functional limitations rather than with true underlying differences. That neuroticism, extraversion and conscientiousness are also related to mortality in this cohort [9] makes this explanation less likely, however.
A unique feature of this study is that the participants are all Catholic clergy members who have relatively homogeneous lifestyles and socioeconomic status through much of adulthood. Because socioeconomic status is related to personality [28] , disability [19, 21, 29] and thresholds for reporting disability [27] , this homogeneity may have reduced residual confounding due to socioeconomic status and thereby enhanced our ability to identify associations between personality traits and disability.
At the same time, the selected nature of the cohort and its differences from older persons in the US population in socioeconomic and related variables are important study limitations. Prospective studies of personality and disability in population-based samples of older persons are needed.
Confidence in these findings is strengthened by several factors. The prospective study design allowed us to assess personality in persons without disability at study onset and to test the relation of each trait to subsequent risk of becoming disabled. Application of widely accepted criteria following a uniform clinical evaluation permitted identification and exclusion of persons with dementia, enhancing our ability to assess personality at baseline. We assessed each of the big five personality traits with standard measures. Persons were evaluated annually for nearly 6 years with a high rate of follow-up participation, minimising bias because of selective attrition. A relatively large number of participants were studied, permitting control of multiple covariates while maintaining adequate statistical power.
Key points
• Higher levels of extraversion are associated with a reduced risk of incident disability in old age.
• Higher levels of conscientiousness are associated with a reduced risk of incident disability in old age.
• An association of neuroticism with disability risk was eliminated after controlling for depressive symptomatology.
• Openness and agreeableness were unrelated to disability risk.
